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摘  要 
 
国家 863 项目“飞行控制计算机系统 FC 通信卡研制”的任务是研究设计符合
CPCI 总线标准的 FC 通信卡，本课题是这个项目的进一步引伸，在其基础上设计
出满足 SCI/RT 协议的接口模型，并在每个 SCI/RT 通信节点中加入数据的优先级
判断，从而满足数据传输的实时性要求。 
本文以此为背景，对基于 FPGA 的 SCI/RT 节点进行研究与实现。论文先概述
SCI 协议和 SCI/RT 协议，并分析两者的异同点。而后介绍数字硬件开发的一些基
础，再介绍 SCI/RT 接口的总体及详细设计，并对 终硬件逻辑进行仿真测试。 
SCI/RT 节点模型包含发送和接收存储器、旁路 FIFO、地址解码、状态管理寄
存器、多路复用器、Aurora 模块和高速串行通信接口等利用 FPGA 上的块 RAM 实现
发送和接收存储器；设计一个同步FIFO实现旁路FIFO；利用FPGA内嵌的RocketIO
高速串行收发器实现主机之间的高速串行通信，并利用 Aurora IP 核实现了 Aurora
链路层协议；地址解码和多路复合分别被实现在控制逻辑中； 后采用 OPB-PCI
桥接核实现了 CPCI 接口逻辑。 
本课题采用 SOPC 方案来实现 FPGA 逻辑设计。采用 Verilog 硬件描述语言实
现旁路 FIFO；采用 VHDL 硬件描述语言来实现 Aurora 链路层模块。在 Xilinx ISE
中分别实现旁路 FIFO 和 Aurora 模块的功能及时序仿真； 后在 EDK 中实现整体





































The State 863 Project "flight control computer system developed FC 
Communication Card" is the task of research and design consistent with the FC 
CPCI bus standard communication cards, The issue is the further extension of this 
project, on the basis of its design to meet the SCI/RT agreement interface model, and 
in each SCI/RT data communications nodes into the priority of judgement, to meet 
the real-time data transmission requirements . 
As this paper background, SCI/RT nodes is Researched and Implementated on 
the FPGA-based. At first, the paper outlines SCI protocol and SCI/RT protocol, and 
analyses the similarities and differences between the two protocols. Second, Digital 
hardware development is introduced for a design basis. Third, it introduces SCI/RT 
interface and the overall detailed design and finally goes along hardware logic 
simulation test. 
SCI/RT node model includes send and receive memory, FIFO bypass, address 
decoding, state management registers, multiplexer, Aurora modules and high-speed 
serial communication interface, such as RAM memorys on FPGA  block achieve 
send and receive; the use of synchronous FIFO design achieve bypass FIFO ;the 
FPGA embedded RocketIO transceiver achieve high-speed serial console between 
the high-speed serial communication nodes, and use Aurora IP realized Aurora link 
layer protocol; address decoding and multiplexing respectively is used to realized the 
control logic; finally, the adoption of OPB-PCI bridge realizes CPCI interface logic. 
The issue use SOPC scheme to achieve the programmed FPGA logic design. 
Verilog hardware description language is used to achieve bypass FIFO; VHDL 
hardware description language is used to achieve Aurora link layer module. Xilinx 
ISE is respectively used in the realization of bypass FIFO module functions and the 
time sequence simulation of Aurora model; Xilinx EDK is finally used to achieve the 
overall design, and download the development board to use ChipScope Pro-Logic 
Analyzer to verify the design result, by comparing the simulation results, it is 
accorded with pre-meet expectations, which proves the correctness of the hardware 
logic design and feasibility. 
Finally, the paper summarizes the work of research, point out the deficiencies in 
this development, and put forth suggestions for further improvement programmes. 
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第一章  绪论 
1．1  概述 
在当前系统级互连设计中,高速通讯技术正迅速取代传统技术成为业界趋





互联协议。 SCI 的延迟少（理论值 1.46 微秒, 实测值 3-4 微秒），且其单向速
率达 10Gb／秒, 与 InfiniBand 4X 的理论值一样。 SCI 是基于环拓扑的网络系
统，这将使在较大规模的节点之间通信速度更快。 
尽管 SCI 协议在许多方面有着非常优秀的特点，但在满足实时性实施任务
方面，还需要有进一步的性能扩展和改进，SCI/RT (IEEE P1596.6)是为 SCI 满
足实时应用的要求而制定的接口标准，目前还处在标准制定过程之中。在与 SCI
协议保持 大兼容性的同时，SCI/RT 提供了确定性的行为；提出比率单调算法
(Rate Monotonic Scheduling Theory)兼容的冲突和排队协议；增强的容错能力和
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本课题是上述 863 项目－飞控计算机通讯卡的进一步引伸，即采用 FPGA
芯片设计实现 SCI 节点接口，并且在每个 SCI 节点中加入引入 SCI/RT 协议优
先级判断机制，从而使其满足实时性传输的要求。 




的 PCI 接口等。 






1．3  研究内容及创新点 
本课题的工作内容包括以下几个方面： 
1. 研究 SCI、SCI/RT 协议和 SCI/RT 节点模型，并设计适合 SCI/RT 节点
传输的包格式，包括初始化包、地址统计包、地址写入包、开始传输
包、结束传输包和文件数据包； 
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